Introduction
85% of patients with prostate cancer, 2 a treatment strategy that targets both the bone and the disease is the optimal approach. 3 Options following initial treatment include secondline hormonal therapy or systemic chemotherapy when metastatic disease develops. Chemotherapy had mixed results in the treatment of prostate cancer; in early trials, many of the chemotherapy options led to stabilization of disease and improvement of symptoms but did not increase survival. 4, 5 The PSA response rates were often between 20% and 30%, with median survival not exceeding 12 months following the development of androgen-independent prostate cancer (AIPC). Over the past years, most chemotherapy agents were at best palliative. The combination of mitoxantrone and prednisone was approved by the US Food and Drug Administration (FDA) because of its ability to provide palliation to patients with metastatic AIPC, but the combination offered no survival benefit over prednisone or hydrocortisone. This paper reviews the current recommendations for the treatment of metastatic AIPC, with docetaxel/prednisone as the standard.
Docetaxel: First-Line Chemotherapy for Metastatic AIPC
The FDA recently approved docetaxel for the treatment of metastatic AIPC. Two landmark studies -a Southwest Oncology Group trial (SWOG-9916) and the TAX-327 trial -showed survival benefit for patients with metastatic AIPC.
The SWOG-9916 trial 6 randomized 674 patients with metastatic AIPC to receive either docetaxel plus estramustine or mitoxantrone plus prednisone. The study showed a marked improvement in survival, time to progression, and PSA response in patients who were treated with the docetaxel and estramustine combination. The combination also was superior to mitoxantrone and prednisone in median survival (17.5 months vs 15.6 months, P = .02), median time to progression (6.3 vs 3.2 months, P < .001), and PSA declines of at least 50% (50% vs 27%, P < .001), with no difference in objective tumor response. Patients in the docetaxel and estramustine arm had a higher discontinuation rate (16% vs 10%), and lifethreatening neutropenia was also higher with the docetaxel plus estramustine combination (5% vs 2%, P = .01).
In the TAX-327 trial, 7 1,006 men with metastatic AIPC received 5 mg of prednisone twice daily and were also randomized to one of three arms: (1) mitoxantrone every 3 weeks, (2) docetaxel once weekly for 5 weeks on a 6-week cycle, and (3) docetaxel once every 3 weeks. Patients who received docetaxel once every 3 weeks showed significant improvements over those receiving mitoxantrone in survival (18.9 months vs 16.5 months, P = .009), pain control (45% vs 32%, P = .01), quality of life (22% vs 13%, P = .009), and PSA response (45% vs 32%, P = .001), with no significant difference in objective tumor response in any of the three arms of the study. Those patients receiving weekly docetaxel showed no significant difference in survival (17.4, P = .36), borderline pain response (31%, P = .08), quality of life (23%, P = .005), or PSA (48%, P = .001) compared with those in the mitoxantrone group. Adverse side effects were more common in the group receiving docetaxel every 3 weeks. Neutropenia in this group was 46% compared with 32% in the weekly docetaxel arm and 22% in the mitoxantrone arm.
These studies have confirmed a 20% to 24% reduction in mortality in patients with metastatic AIPC treated with docetaxel and prednisone. Although the SWOG-9916 trial combined docetaxel with estramustine, this combination did not add any survival advantage when compared to the docetaxel/prednisone arm in the TAX-327. Therefore, most oncologists do not use estramustine/docetaxel combination in clinical practice. There is also an increased risk of thrombosis with this combination. Based on these trials, overall survival should be the standard endpoint for subsequent trials in metastatic AIPC. It is important to note that PSA response did not correlate with survival in the TAX-327 trial and that objective tumor response did not correlate with survival in both trials (Table) .
Novel Agents
Despite improved survival shown with docetaxel/prednisone, the benefit is at best 2 months compared to mitoxan- trone plus prednisone, and the progression-free survival is short (6 months). Therefore, there is a need to further improve on these results. Several novel agents with different mechanisms of action and less toxicity are being studied in combination with docetaxel. These combinations (doublets) have shown promising results.
Docetaxel/Calcitriol
Vitamin D receptors are present in most prostate cancer cell lines. Exposure to 1,25-dihydroxyvitamin D 3 induces differentiation as well as decreased proliferation and invasiveness in these cell lines. Preclinical studies have shown that calcitriol, an oral form of vitamin D, enhances cell death in several prostate cancer cell lines. However, commercially available formulations of calcitriol were not designed for cancer therapy, so a high concentration of calcitriol (DN-101) was formulated for use in the clinical trials. In a phase II study of docetaxel plus calcitriol, patients with AIPC had an 81% PSA response rate (more than a 50% decrease in the PSA). 8 Median time to progression was 11.4 months. A subsequent phase III study, the Androgen-Independent Prostate Cancer Study of Calcitriol Enhancing Taxotere (ASCENT) trial, 9 consisted of two arms: docetaxel plus calcitriol and docetaxel plus placebo. Docetaxel at 36 mg/m 2 weekly for 3 out of 4 weeks was used in the trial instead of 75 mg/m 2 every 3 weeks, which was the dose and frequency approved by the FDA. On an interim analysis at 18 months, there was no significant improvement of PSA response between the two arms. Overall survival was 16 months for the docetaxel/placebo arm, but in the combination arm the overall survival was not yet reached (estimated survival was 23 months). Toxicity was similar in both arms. Since this study with 250 patients was underpowered to give survival results, a second phase III trial has been initiated and will be powered appropriately.
Docetaxel/Vinorelbine
Vinorelbine is a microtubulin inhibitor the affects polymerization of the microtubules. In a phase II study, 10 19 men with AIPC received a regimen of docetaxel 25 mg/m 2 and vinorelbine 20 mg/m 2 intravenously for 6 consecutive weeks followed by a 2-week rest. The regimen continued repeatedly until disease progression. An objective response rate was observed in 2 of 9 men with measurable disease (22%). Side effects included neutropenia and neuropathy. In another trial, 11 40 patients with progressive metastatic disease were given docetaxel at 60 mg/m 2 on day 1 and vinorelbine at 15 mg/m 2 on days 1 and 8 of a 21-day cycle. A decrease in PSA of more than 50% was reported in 19 patients (37%) with no prior chemotherapy and in 21 patients (29%) who had received one or more prior chemotherapy treatments.
Docetaxel/Capecitabine
Capecitabine is an oral thymidine synthetase inhibitor. The combination of docetaxel and capecitabine included the convenience of an oral drug with a different mechanism of action, although capecitabine as a single agent has limited activity in prostate cancer. 12 A recent study reported 77 men with AIPC who were given docetaxel intravenously at 60 mg/m 2 and capecitabine orally at 1,000 mg/m 2 twice a day for 14 days on a 21-day cycle. 13 The PSA response rate was 36%, and the median progression free-survival was 5.1 months. Common side effects included mucositis, fatigue, and hand-foot syndrome.
Docetaxel/Thalidomide
Thalidomide was initially thought to have antiangiogenesis activity, but to date its mechanism is poorly understood. It is believed to have an immunomodulatory effect on the tumor microenvironment. As a single agent, thalidomide has a PSA response rate of 15%. In a randomized phase II study 14 consisting of two arms, docetaxel plus thalidomide and docetaxel alone, a response rate of 53% was seen in the combination arm compared with 37% in the docetaxel-only arm. The median progression-free survival was 5.9 months for the combination and 3.7 months for docetaxel alone. Toxicities in both groups were manageable after administration of prophylactic low-molecular-weight heparin in the combination group due to thrombosis. Major toxicities included thrombosis, constipation, and neuropathy. Updated results of the study showed a survival of 25.9 months for the combination arm and 14.7 months for docetaxel-alone arm.
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Docetaxel With Bevacizumab Plus Estramustine
Angiogenesis is a critical step in proliferation, growth, and metastasis. Vascular endothelial growth factor (VEGF) is an angiogenesis factor that is markedly increased in men with metastatic prostate cancer. Bevacizumab is a humanized monoclonal antibody that targets VEGF and has recently been reported to improve survival in patients with colon, breast, and lung cancer. A phase II trial by the Cancer and Leukemia Group B (CALGB) evaluated the activity of bevacizumab in hormone-refractory prostate cancer. Docetaxel combined with bevacizumab plus docetaxel showed a PSA response rate of 77% and a median progression-free period of 10 months. 16 The CALGB is currently conducting a phase III study using docetaxel/prednisone with and without bevacizumab.
Docetaxel/Imatinib Mesylate
Platelet-derived growth factor (PDGF) has been implicated in the progression of prostate cancer and bone metastasis, and it is expressed in 80% of AIPC lesions. 17 Preclinical trials have found that imatinib mesylate, a PDGF inhibitor, is active in prostate cancer cell lines. In a multi-institutional phase II trial 17 of imatinib as a single agent in 17 patients with hormone-refractory prostate cancer after PSA progression, 6 patients (35%) demonstrated stable disease. In a modular phase I trial of 21 patients with AIPC and bone metastases, 18 a decline in PSA of more than 50% was observed in 8 patients (38%). Dose-limiting toxicities included fatigue (35%) and nausea (20%).
Novel Targets
Ixabepilone Ixabepilone (BMS-247550), a synthetic epothilone B analog, is a novel microtubulin inhibitor. Epothilones are a new class of chemotherapeutic agents that exhibit activity in taxane-resistant animal models. 19 A study of ixabepilone 20 with or without estramustine revealed a PSA response of 69% in the combination arm and 48% in the ixabepilone-alone arm. A phase II study as firstline single-agent treatment 21 showed a PSA response rate of 39%. The major dose-limiting toxicity of this agent was peripheral neuropathy. Neutropenia and peripheral neuropathy were the most common side effects. A single-agent study of BMS-247550 demonstrated a PSA response of 34%. 21 Unfortunately, 29% of the participants developed significant neuropathy. The objective response rate was 16%.
Satraplatin
Satraplatin is an oral platinum analog that has significant inhibitory activity in platinum-resistant tumor models. A phase II study 22 showed that 10 of 39 participants had a PSA response. A phase III study 22 including 50 patients consisted of two arms: satraplatin and satraplatin/prednisone. The planned accrual of this study was 380 participants, but the study was prematurely closed since patients in the satraplatin-only arm had significant improvement in progression-free survival compared to those in the combination arm (5.2 months and 2.5 months, respectively), and PSA response was also superior (33% vs 9%). The EORTC is conducting an ongoing trial with two arms, satraplatin/prednisone and prednisone, as second-line agents in patients with metastatic AIPC.
Vaccines
The immune process is significantly altered in cancer. Vaccines are being developed to stimulate the immune system that in turn improve the function of antigen presentation and stimulate dendritic cells. Proteins expressed in prostate cancer including PSA, prostatic acid phosphatase, and prostate membrane antigens have been used as targets for developing immunotherapy. 23 The APC8015 vaccine (Provenge) consists of autologous dendritic cells that have been exposed to a recombinant protein of prostatic acid phosphatase and granulocyte-macrophage colony-stimulating factor (GM-CSF). A phase III trial 24 compared placebo and the vaccine in patients with AIPC. Time to progression, the primary endpoint, was not met but on further analysis at 36 months, a median survival advantage was seen in the patients who received the vaccine (25.9 vs 21.4 months on the placebo arm.
GM-CSF-GVAX is a vaccine composed of whole tumor cells including two allogeneic prostate cancer cell lines that have been genetically modified to secrete GM-CSF. GM-CSF is a cytokine that regulates proliferation and differentiation of myeloid cells and also increases the efficiency of tumor antigen presentation and subsequent activation of tumor-specific cytotoxic T lymphocytes. 25 A study in patients with metastatic AIPC 26 reported a median survival of 26.2 months compared to 19.5 months (based on the Halabi nomogram, a predictive nomogram to predict individual survival). A phase III placebo-controlled clinical trial is underway with the primary endpoint of showing a significant overall survival difference.
Bone-Targeted Treatment
Several bone-targeted treatments have been developed over the past years. These treatments are aimed at palliating bone metastasis, which is the most common site of metastases and morbidity.
Bone-targeted radioisotopes are indicated for pain due to bone metastases. The radiopharmaceuticals currently available include phosphorus-32, strontium-89, and samarium-153. A review of four placebo-controlled trials 27 showed evidence of a small benefit on pain control. Mild myelosuppression was the predominant toxicity with the bone-seeking radiopharmaceuticals.
Chemotherapy has been combined with radiopharmaceuticals. In preliminary studies in which strontium-89 was combined with doxorubicin, survival improved when given to stable or responding patients with metastatic disease. However, the regimen is cumbersome to administer and is associated with significant toxicity. 28 Zoledronic acid is approved by the FDA to prevent skeletal events in patients with bone metastases. In animal studies, it has shown an inhibitory effect on both osteolytic and osteoblastic bone. 29 Zoledronic acid can cause osteoclast apoptosis resulting in a decrease in osteoblastic lesions. In a placebo-controlled trial, 30 zoledronic acid decreased the amount of skeletal events by 36%. Common toxicities included myalgia, bone pain, and occasionally renal insufficiency.
Atrasentan
Endothelin-1 (ET-1) is a potent vasoconstrictor that modulates cell growth in prostate cancer. It has been implicated in progression and osteoblastic metastasis.
Several phase II and phase III studies 32 have shown only a trend toward improvement in time to progression; however, in a meta-analysis of data, atrasentan significantly prolonged time to progression 19% (P = .002), decreased alkaline phosphatase (P = .001), and improved quality of life (P = .003), time to onset of bone pain, and biochemical time to progression. 33 Common adverse effects included rhinitis, peripheral edema, and headache. The SWOG-S0421 trial is testing this further in patients with metastatic AIPC to the bone in a randomized phase III trial to compare the efficacy of docetaxel and prednisone with or without atrasentan. This trial will evaluate whether combination of chemotherapy and a bone-targeted drug such as atrasentan will provide an improvement in progressionfree survival as the primary endpoint.
Conclusions
Currently, the standard of care for patients with metastatic AIPC is the combination of docetaxel and prednisone. Because of its progression-free survival of only 6 months, more trials are needed to either study novel therapeutic agents in combination with docetaxel or discover novel therapeutic targets through the available technologies in the form of genomics and proteomics. Since the standard for determining therapeutic efficacy is overall survival, the goal of treatment should focus on using the least toxic drugs to produce the maximum control and possibly a cure in the future. To succeed in this endeavor, it is imperative that the urologist, radiation oncologist, and medical oncologist work as a team to achieve this goal for their patients.
